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EFFECTS OF WING DIHEDRAL AND PLANFORM 


ON STABILITY CHARACTERISTICS OF A RESEARCH MODEL 

AT MACH NUMBERS FROM 1.80 TO 4.63 

By Maurice 0. Feryn and James F. Campbell 
Langley Research Center 


SUMMARY 


An investigation has been made to determine the effects of wing geometric 
dihedral and planform on the stability characteristics of a wing-body -tail 
research model. Geometric dihedral angles were set at 3°, 0°, and -3° for the 
31° and 73° swept -leading-edge wings investigated. Tests were performed at 
angles of attack from about -4° to 24° , at angles of sideslip from about -4° to 
8 °, at Mach numbers from 1.80 to 4.63; and at a Reynolds number per foot of 
3.0 x 106 . 

The directional stability was increased by positive geometric dihedral and 
decreased by negative geometric dihedral for both the tail-on and tail-off con- 
figurations, particularly at the high angles of attack and high Mach numbers as 
a result of dynamic -pres sure effects induced on the fuselage afterbody. Posi- 
tive effective dihedral was increased by positive geometric dihedral and 
decreased by negative geometric dihedral. The highly swept wing with subsonic 
leading edges provided larger negative values of effective dihedral than did 
the wing with lower sweep and supersonic leading edges. The amount of geometric 
dihedral used in these tests had little or no effect on the aerodynamic char- 
acteristics in pitch. 


INTRODUCTION 


A large research effort is now being made on aircraft such as the multi - 
mission fighter, the supersonic transport, and vehicles of even higher Mach 
number which are capable of flight into the hypersonic speed region. Because 
of the inherent loss of lift on stabilizing surfaces with increased Mach number, 
the stability characteristics of these aircraft are becoming a serious problem 
not only in cruise-flight conditions but also in maneuvering conditions at 
higher angles of attack. Some of the factors affecting the stability of air- 
craft at supersonic speeds have been discussed in references 1 to 5. Although 
considerable data have been obtained concerning the effects of two of these 


factors (geometric dihedral and wing planform) on the aerodynamic character- 
istics in pitch and sideslip at low Mach numbers (refs. 6, 7, and 8 , for 
example), only a small amount of information is available at the higher super- 
sonic Mach numbers (ref. 9, for example). 

An investigation has been made on a wing-body -tail model to determine the 
effects of geometric dihedral and wing planform on the stability character- 
istics of aircraft at high supersonic Mach numbers, and the test results are 
presented herein. The model was tested with and without a vertical tail and 
with two wing planforms - a swept wing with 73° of leading-edge sweep and a 
trapezoidal wing with 31° of leading-edge sweep. The tests were performed in 
the Langley Unitary Plan wind tunnel at Mach numbers from 1.80 to 4.63, at 
angles of attack from about -4° to 24°, and at angles of sideslip from about 
-4° to 8°. The Reynolds number per foot for these tests was 3-0 X lo6. 


SYMBOLS 


The lateral force and moment data are referred to the body -axis system, 
and the longitudinal force and moment data are referred to the stability -axis 
system. The reference moment center was located 17-15 inches behind the nose 
of the fuselage on the body center line. The data were reduced with the use of 
the geometric dimensions of the swept wing. 


The symbols used are defined as follows: 
wing span, ft 
section chord, ft 
mean geometric chord, ft 

Drag 


Cp drag coefficient, 

C T lift coefficient, 


qS w 

Lift 

qs w 


C m pitching-moment coefficient, Pitchingjncment 

qs^c 


Cz 


rolling -moment coefficient, 


Rolling moment 
qSwb 



effective-dihedral parameter, 



per deg 


2 


Cz 


_ £C Z /A|3 
Pa Aa 




yawing-moment coefficient. 


Yawing moment 
qSy-b 


„ Z£n 

^np directional-stability parameter, , per deg 


C Y 


% 

l/d 

M 

q. 

Sw 

a 

P 

r 


side -force coefficient. 


Side force 
QSw 


A3y 

side-force parameter, , per deg 


Cr 

lift-drag ratio, 


Mach number 

free-stream dynamic pressure, lb/sq ft 
reference wing area, 1.19 sq ft 
angle of attack, deg 
angle of sideslip, deg 
wing geometric dihedral angle, deg 


APPARATUS AND TESTS 


Model 

Drawings of the research model are presented in figure 1. The investiga- 
tion was conducted on an ogive-nose cylindrical body in conjunction with 
trapezoidal- and swept -planform wings and a vertical tail; no horizontal tail 
was used on the model. The trapezoidal-planform wing had 31° leading-edge 
sweep, a 4-percent -thick circular-arc airfoil section in the streamwise direc- 
tion, a planform area of 1.33 square feet, and an aspect ratio of 3 .OO 7 . The 
swept wing had 73° leading-edge sweep, an NACA 65A004 airfoil section in the 
streamwise direction, a planform area of 1.19 square feet, and an aspect ratio 
of 1-313- The geometric dihedral for each wing could be set at angles of 3°, 
0 °, and - 3 °. 

The cylindrical portion of the circular body was constructed of wood and 
fiber glass with a steel core, and the nose was made of stainless steel. 
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Tunnel 


Tests were conducted in both the low and high Mach number test sections of 
the Langley Unitary Plan wind tunnel, which is a variable-pressure continuous- 
flow tunnel. Each test section is approximately 4 feet square and 7 feet long. 
The nozzles leading to the test sections are the asymmetric sliding-block type 
that permit a continuous variation in Mach number from about 1.5 to 2.9 in the 
low Mach number test section and from about 2.3 to 4.7 in the high Mach number 
test section. 


Test Conditions 


The 
bers are 


stagnation temperatures and pressures for the various test Mach num- 
as follows: 


Mach 

number 

Stagnation 
temperature , °F 

Stagnation 
pressure, psia 

1.80 

150 

12.65 

2.16 

150 

14.86 

2.50 

150 

17.62 

2.86 

150 

21.41 

3*95 

175 

40.00 

4.63 

175 

54.74 


The Reynolds number per foot was constant at 3-0 X 10^ for all tests. The 
stagnation dewpoint was maintained at -30° F in order to avoid condensation 
effects . 

The configurations were tested through an angle-of -attack range from 
about -4° to 24° and through an angle -of -sideslip range from about -4° to 8°. 
Data for the configuration with and without the vertical tail were obtained 
for both wing planforms at geometric-dihedral angles of 3°* 0°; and -3°« 

In order to obtain turbulent flow over the model, transition strips com- 
posed of Wo. 60 carborundum grains set in a plastic adhesive were used on all 
configurations. These strips were l/l6 inch wide and were placed l/2 inch 
from the nose on the cylindrical body and l/2 inch from the leading edge in a 
streamwise direction on the wing and tail surfaces. 


Mea sur emen t s 

Aerodynamic forces and moments were measured by means of a six-component 
electrical strain-gage balance housed within the model. The balance was 
rigidly fastened to a sting support which was in turn attached to the tunnel 
support system. The balance -chamber pressure was measured by means of a single 
static -pres sure orifice located in the balance cavity. 
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Accuracy 


The accuracy of the individual measured quantities, based on calibrations 
and repeatability of data, is estimated to be within the following limits: 


C D ±0.0002 

C L ±0.002 

C z ±0.001 

c m ±0.0004 

c n ±0.0004 

Cy ±0.002 

a, deg ±0.10 

P, deg ±0.10 

M = 1.80 to 2.86 ±0.015 

M = 3.95 and 4.63 ± 0.050 


Corrections 

Angles of attack were corrected for tunnel-flow angularity, and angles of 
attack and sideslip were corrected for deflection of the balance and sting 
support due to aerodynamic loads. The drag data were adjusted to correspond 
to free-stream static conditions at the base of the model. 


PRESENTATION OF RESULTS 


The results of the investigation are presented in the following figures: 


Typical aerodynamic characteristics in sideslip: 

Trapezoidal-wing configuration, tail on 2 

Swept-wing configuration 3 

Effect of geometric dihedral on sideslip parameters: 

Trapezoidal-wing configuration, tail off 4 

Trapezoidal-wing configuration, tail on 5 

Swept-wing configuration, tail off 6 

Swept-wing configuration, tail on 7 

Effect of wing planform and Mach number on the variation of the slope of 

the lateral-stability parameter with angle of attack 8 

Effect of geometric dihedral on aerodynamic characteristics in pitch: 

Trapezoidal-wing configuration, tail on 9 

Swept-wing configuration, tail on 10 
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DISCUSSION 


Sideslip Characteristics 

Typical aerodynamic characteristics in sideslip at the higher angles of 
attack are presented in figures 2 and 3 for the trapezoidal- and swept-wing 
configurations , respectively. These figures are presented primarily to show 
the linearity of the data since all sideslip parameters presented herein were 
obtained from incremental results of tests made throughout the angle -of -attack 
range at sideslip angles of about 0° and V 3 . The results with the exception 
of some of the C n data for the swept-wing configuration (fig. 3(a), for 
example) are relatively linear for sideslip angles up to if 0 . It is believed, 
however, that even though the C n ^ values presented in this paper for the 

swept-wing configuration at the higher angles of attack may not be quantita- 
tively exact, the comparisons shown are valid. 

The effects of wing geometric dihedral on the sideslip parameters for the 
trapezoidal-wing configuration are shown in figures 4 and 5 for the vertical 
tail off and on, respectively. For the tail-off condition, positive geometric 
dihedral tends to increase the directional stability, whereas negative geomet- 
ric dihedral tends to decrease the directional stability as the angle of attack 
increases. This effect becomes increasingly significant with increase in Mach 
number, particularly at the higher angles of attack. The variations in C n p 

with geometric dihedral angle at the higher angles of attack are associated 
with the change in dynamic pressure over the rear of the model caused by incre- 
mental changes of wing lift due to the lateral component of flow in sideslip 
(ref. 10). This effect is such that positive dihedral provides a local 
increase in lift for the windward wing with an attendant stabilizing increase 
in dynamic pressure over the afterbody. Negative dihedral provides an opposite 
effect . 

Increasing the geometric dihedral from -3° to 3° leads to an almost linear 
increase in positive effective dihedral at all test angles of attack and Mach 
numbers. There is, however, a decrease in the ability of geometric dihedral 
to produce effective dihedral with increasing Mach number at low angles of 
attack. 

With the vertical tail on, the trapezoidal-wing configuration generally 
displays small changes in directional stability with wing dihedral at the 
lower angles of attack. However, at the higher test angles of attack the 
results are similar to those for the configuration with the tail off in that 
positive geometric dihedral of the wing produces the greatest directional sta- 
bility and negative geometric dihedral produces the least. There is little or 
no difference in the effect of geometric dihedral on C for the configura- 
tion with or without the vertical tail, although it may be noted that at the 
higher Mach numbers the effective dihedral varies only slightly with angle of 
attack for the tail-on case. 
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The effects of geometric dihedral on the sideslip parameters of the swept- 
wing configuration are shown in figures 6 and 7 for the vertical tail off and 
on, respectively. The effects of geometric dihedral on C n p for the 

swept-wing configuration are about the same as those previously discussed for 
the trapezoidal-wing configuration. As noted in the data of figure 7 for the 
swept-wing configuration, the large decrease in directional stability with 
angle of attack at the lower test Mach numbers is offset at the higher Mach 
numbers by the increased dynamic pressure induced by the wing on the afterbody. 
Thus, in spite of the decrease in C n p at low angles of attack, the config- 
uration maintains positive directional stability throughout the angle -of -attack 
range. In the test Mach number range planform does not greatly affect the 
directional stability of the configuration. 


Geometric dihedral of the swept wing produces effects on similar to 

those already noted for the trapezoidal-wing configuration, although to a con- 
siderably lesser degree. The variation with a is considerably more 

negative at low angles of attack for the swept wing (fig. 6) than for the 
trapezoidal wing (fig. 4) , particularly at the lower Mach numbers. To illus- 
trate this fact more effectively, the slope Cjo is shown in figure 8 as a 


a 

function of Mach number for both wing planforms. This figure indicates that 

is much smaller in absolute value for the trapezoidal-wing configuration 

than for the swept-wing configuration, and has only a small decrease (becoming 

less negative) over the Mach number range. The swept-wing configuration has 

relatively large negative values of Ci q at the lower Mach numbers but these 

Pa 

values decrease rapidly up to a Mach number of about 3.40 and then show little 
change with further increase in Mach number. This effect of wing planform on 
may be explained by the differences in the wing-panel lift-curve slope 

for the two wings. The trapezoidal wing has a leading-edge sweep of 31° so 
that large portions of the wing are supersonic at all test Mach numbers 
(leading edge swept ahead of Mach lines). When this configuration is side- 
slipped, the local Mach number increases for the windward wing and decreases 
for the leeward wing. Since the lift -curve slope of a wing decreases with 
increase in supersonic Mach number, the windward wing loses lift, and the lee- 
ward wing gains lift; thus, less negative values of C 7 „ are attained. The 

Pa 

swept wing, on the other hand, has a leading-edge sweep of 73° an d the entire 
wing is subsonic at Mach numbers up to about 3 .^0 , and large portions are sub- 
sonic even up to the highest test Mach number. Thus, the windward wing in 
sideslip for this configuration would have an increase in lift-curve slope for 
its subsonic portion, whereas the leeward wing would have a decrease in lift- 
curve slope. This combination would lead to more negative values of 


than for the trapezoidal-wing configuration. The decrease in C 


Z f3 


°*Pa 
at the 


a 


higher Mach numbers for the swept wing is caused by more of the windward wing 
becoming supersonic. 
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Longitiidinal Cliaract eristics 


The effects of geometric dihedral on the aerodynamic characteristics in 
pitch are presented in figures 9 and 10 for the trapezoidal- and swept-wing 
configurations, respectively. These data show that the amount of geometric 
dihedral used for these tests has little or no effect on the pitch character- 
istics of the configurations. In addition, there are essentially no effects 
of p lan form on the linearity of the lift and pitching -moment curves with angle 
of attack, although, as expected, the lift-curve slope for the trapezoidal- 
wing configuration is somewhat greater than that for the swept-wing 
c onf i gurat i on . 


CONCLUSIONS 


An investigation made to determine the effects of wing geometric dihedral 
and planform on the stability characteristics of a wing-body-tail model at 
Mach numbers from 1.80 to 4.63 indicated the following conclusions: 

1. The directional stability was increased by positive geometric dihedral 
and decreased by negative geometric dihedral for both the tail-on and tail-off 
configurations, particularly at the high angles of attack and Mach numbers as 
a result of dynamic -pres sure effects induced on the fuselage afterbody. 

2. Positive effective dihedral was increased by positive geometric dihe- 
dral and decreased by negative geometric dihedral. 

3. The swept wing with the high sweep angle and the subsonic leading 
edges provided larger negative values of effective dihedral than did the trap- 
ezoidal wing with the lower sweep angle and the supersonic leading edges. 

4. The amount of geometric dihedral used in the wing configurations of 
these tests had little or no effect on the aerodynamic characteristics in 
pitch. 


Langley Research Center, 

National Aeronautics and Space Administration, 

Langley Station, Hampton, Va., March 23 , 1965 * 
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(a) M = 1.80; a ~ 12°. 

Figure 3.- Typical aerodynamic characteristics in sideslip for swept-wing configuration 
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(a) Concluded. 
Figure*).- Continued. 
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(e) Concluded. 
Figure 10.- Continued. 
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(f) Concluded. 
Figure 10.- Concluded. 
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